A sizable literature on the neuroimaging of speech production has reliably shown activations in the orofacial region of the primary motor cortex. These activations have invariably been interpreted as reflecting ''mouth" functioning and thus articulation. We used functional magnetic resonance imaging to compare an overt speech task with tongue movement, lip movement, and vowel phonation. The results showed that the strongest motor activation for speech was the somatotopic larynx area of the motor cortex, thus reflecting the significant contribution of phonation to speech production. In order to analyze further the phonatory component of speech, we performed a voxel-based meta-analysis of neuroimaging studies of syllable-singing (11 studies) and compared the results with a previously-published meta-analysis of oral reading (11 studies), showing again a strong overlap in the larynx motor area. Overall, these findings highlight the under-recognized presence of phonation in imaging studies of speech production, and support the role of the larynx motor cortex in mediating the ''melodicity" of speech.
Introduction
Phonation is an important ''umbrella" process when thinking about human vocalization, taking account of much of the segmental aspect of speech, of suprasegmental processes like intonation (Ladd, 1996) and lexical tone (Yip, 2002) , and of singing (Sundberg, 1987) . Modulation of the pitch and duration of voiced sounds underlies the melodic and rhythmic aspects of speech. The older literature on intonation employed the term ''melodicity" to refer to the basic acoustic stream of voicing that occurs during speech production (Fónagy, 1981; Fónagy & Magdics, 1963) .
Standard models of vocal production posit the existence of a vocal ''source" -i.e., subglottal air pressure from the lungs producing vibration of the vocal-folds in the airstream -followed by ''filtering" of the source's sound wave by a series of articulators in the oral and nasal cavities, to ultimately select out certain resonant frequencies in that wave. While all vowels and most consonants require phonation, some consonants can be generated in a voiceless fashion. For fricatives like the /s/ sound, this can simply involve the generation of broadband noise at the larynx in the absence of periodic vocal-fold vibration. However, the majority of the speech stream is phonated. For many languages, the proportion of a spoken sentence's duration taken up by vowels alone is 40-50% (Ramus, Nespor, & Mehler, 1999 ). This does not take into account the degree of phonation that comes from voiced consonants, which would make the overall voiced component of a sentence's duration even higher.
While phonation is a critical component of speech, neuroimaging studies have rarely recognized this point. Imaging studies of speech production reliably show activity in the ventral part of the precentral gyrus -corresponding with the somatotopic ''orofacial" region of the motor and premotor cortices -and this activation has almost invariably been interpreted as reflecting articulation (e.g., Fox et al., 2001 ). The strong, if unspoken, assumption is that speech is first and foremost an articulatory process. Most studies that have sought to examine phonatory aspects of speech have (1) been perceptual rather than production studies (although see Barrett, Pike, & Paus, 2004) , and (2) focused on suprasegmental processes like prosody or lexical tone rather than the basic speech stream. A handful of studies have tried to distinguish brain areas for articulation and phonation. For example, Murphy et al. (1997) compared vocalization of a simple phrase with silent mouthing of the phrase (to reveal phonation) and with mouth-closed vocalization of the phrase using the /a/ vowel alone (to reveal articulation). Their primary interest was in examining brain areas involved in respiration for speech. They identified a bilateral region of the sensorimotor cortex that was more active 
